It is probably true to say that the cervical part of the spine has received more attention than any other region of the vertebral column since the great wave of interest in lumbar disc lesions reached its height in the late 1930s. This is no doubt due to the frequency of lesions of the lower cervical intervertebral discs and the accompanying bony changes with which they are sometimes associated, the whole constituting the condition of cervical spondylosis. This region of the spine has problems for neurological, orthopxedic, and pediatric surgeons as well as for general surgeons. It is curious that the cervical spine in mammals, whether their necks be as long as that of the giraffe or as short as that of the woolly bear, consists of seven and only seven vertebrae. The only exceptions are the dugong, manatee, or sea cow which with one of the sloths (Hoffmann's) has only six while one of the three-toed sloths (Bradypus tridactylus) has nine. As far as I am aware no human subject with eight cervical vertebrw has been discovered by X-ray, though in other regions of the spine it is by no means uncommon to find variations in the number of vertebra. Although the number of the cervical vertebrn is constant, variations such as fusions, hemivertebrae and abnormalities of spinous processes are more commonly seen in this part of the spine than elsewhere in the vertebral column. The cervical spine is the most mobile region of the spine, the only part where spontaneous dislocation between its elements may cause sudden death, and finally it is the only part of the spine where the degenerative changes of advancing age may bring about paralysis.
Anatomical: The dura mater in the cervical region is thickest at the cervicocranial junction and over 4 the uppermost cervical vertebrae. I have constantly noticed this, yet many anatomical textbooks state that the two-layered cranial dura here becomes a single layer, the outer layer passing out to become the epicranial periosteum, so that we might expect the spinal dura to thin out in this region. The periosteum of the cranial bones is only loosely attached to the dura at the margin of the foramen magnum. The thickness of the dura must be in part due to its vascularity and it is possible that the false picture in many anatomical texts is due to anatomists having been misled by making their observations from dissecting room specimens. I find that the cervical dura can be as easily split into two layers as can the corresponding cranial membrane.
In the cervical region there is an absence of the epidural fat which is so prominent a feature in the thoracic and lumbar regions and although metastatic malignant disease is comparatively rare in the cervical as compared with the thoracic region, the dura mater here resists invasion by it, just as it does elsewhere in the spine, a fact to which I have several times drawn attention (Rogers 1957 (Rogers , 1958 . In this property the dura mater has some resemblance to splenic tissue but the dura is merely a fibrous membrane and we must conclude that the resistance is due to some chemical content of the cell, the nature of which, were we but to know, might possibly take us some way to unravelling an important problem of malignant disease. I have frequently observed much destruction of adjacent bone and invasion of muscle and connective tissue by malignant disease, but with the dura intact and easily separated from the carcinoma.
Congenital anomalies: Surgery has little to offer in congenital anomalies of the cervical spine but decompression and evacuation of cystic cavities in cases of hydromyelia and syringomyelia have produced gratifying improvement in some cases and if there is evidence of compression these procedures are indicated. There is recent evidence that intramedullary tension may be lowered by dividing slips of the dentate ligament on either side of the cord and this has been applied with some success to vascular anomalies which cannot be removed.
Tumours: Neoplasms are less frequent in the cervical spine than they are in the thoracic part of the column. Of a series of 137 spinal tumours which I have operated upon 20 were in the cervical region. There is only one variety of tumour which I propose to mention, the neurinoma or neurofibroma, the intrathecal extramedullary variety of which is the commonest of the benign spinal tumours, occurring only slightly more often than the meningiomas and its slightly increased overall incidence being dependent upon its preponderance in men.
Thirty years ago, in August 1930 (Rogers 1931 ), I removed one of these nerve sheath tumours from the upper cervical region of the second engineer, aged 23, of a ship in the Cardiff docks. The tumour originated from the sheath of the second cervical nerve on the right side, lay in front and slightly to the right of the cord and reached as far as the foramen magnum. It weighed 9 5 grams. Symptoms had begun five months before when the patient noticed that he was unable to grip a hammer properly with his right hand which was gradually becoming weaker. The weakness extended to his whole arm and then his right leg so that he began to drag his foot when walking. In time the other arm and leg were involved and there was some sensory loss. At the time of operation he was tetraplegic but after removal of the tumour he made a complete recovery and returned to sea. Later he came ashore and worked with the railways and I see him from time to time. The interesting thing is that although there has been no recurrence of this tumour and the patient remains fit and well, over the last seven years he has developed an extensive crop of neurofibromata over his chest, abdomen, back and neck. If we regard the spinal tumour as of this character it was an early and solitary manifestation of a generalized phenomenon which has taken over twenty years to manifest itself.
As there is still a dispute among pathologists as to whether there is any real difference between neurinoma, Schwannoma or neurilemmoma, and neurofibroma, the reports on this tumour and the appearance of Recklinghausen's disease over twenty years later may be of some interest. When the tumour was removed in August 1930 it was reported as 'consisting of loose myxomatous fibrous tissue and was devoid of nerve cells or nerve fibres. It was apparently a myxofibroma arising in connexion with the sheath of the issuing nerve'. Thirty years afterwards, in July 1960, a further section was cut from the block in which the tumour was embedded and I am indebted to my colleague, Professor Jethro Gough, who has reported, 'Nerve sheath tumour. Prefer to call it neurofibroma rather than neurinoma'.
The first successfully removed spinal tumour, the classical case of Sir Victor Horsley in 1887, was almost certainly of this type, the tumour like that from the marine engineer being called a myxoma, but the evidence is strong as it was adherent to the fourth thoracic nerve root which Horsley had to divide in order to remove it and it was partly cystic. Unfortunately it is not possible to verify the histology because the tumour was destroyed with other specimens on May 10, 1941 by high explosive from an enemy aircraft when the museum of the Royal College of Surgeons was hit.
A particular type of spinal neurofibroma which is not uncommon in the cervical region is the dumb-bell or hour-glass tumour which has intraand extra-spinal parts with an intervening pedicle or isthmus in an intervertebral foramen. I have removed several of these tumours and merely mention them to recall the fact that the first successful operation for one of them, also took place in this country. This was at Manchester in 1888 by George Arthur Wright and the case is related in that classic of William Thorburn's, 'A Contribution to the Surgery of the Spinal Cord', published in 1889. The surgery of spinal tumours is both fascinating and gratifying. There can be few satisfactions in surgery greater than seeing a patient who has been sick of the palsy take up his bed and walk, and this has been my happy experience in a number of the patients who constitute my series of 137 cases.
Diagnosis of spinal tumours is rarely overlooked to-day when myelography and other aids to diagnosis are available, but the clinical picture presented by them may resemble other lesions and we should always keep the possibility of spinal tumour in mind in making a differential diagnosis. Thirty years ago they were often overlooked under a diagnosis of disseminated sclerosis and I well remember removing tumours from patients who had been presented as typical cases of that disease. Even to-day mistakes occasionally occur and only last year I removed a meningioma from the upper thoracic region of an elderly consulting engineer who had both bony and intervertebral disc changes in his cervical spine which had led a well-known London neurologist to diagnose cervical spondylitis as the cause of his paraparesis and overlook the tumour with consequent delay in treatment. At the time of the operation his symptoms had progressed and he was so paraplegic that he had had to take to a wheel chair. I am pleased to say that although he is in the early 70s he nevertheless gradually made a complete recovery, being able to discard first his wheel chair, then his two sticks, and he is now able to lead a normal life again.
Atlanto-axial dislocation: This dislocation may occur spontaneously or follow such a minor injury as to indicate that it is the result of disease. It may confront the surgeon with a problem calling for an urgent answer to preserve life. The transverse ligament stretched across the back of the odontoid process of the axis and passing from the lateral mass on one side of the atlas to that of the other side is the most important ligament in the body since upon its integrity life depends. It is never ruptured by injury alone (Greig 1931 , Wood Jones 1913 , Werne 1957 but if it carries away as it may do by disease destroying its bony attachments and the head is then flexed, the atlas moves forward on the axis and the medulla and upper part of the spinal cord may be crushed between the odontoid and the posterior arch of the atlas. In some cases, particularly in children and adolescents with suppurative infection in the posterior pharyngeal region, hyperemia may soften its attachments and so relax the ligament (Greig 1931, Watson-Jones 1932) that subluxation occurs. When this takes place the dislocation is usually eccentric producing a rotation of the head with torticollis. Mild extension of the neck with rest in bed and treatment of the infection usually result in complete relief. Tragic cases of sudden death from medullary compression have been seen in cases of disease involving the attachments of the ligament, some of the earliest being the classical cases recorded by Charles Bell (1830) and John Hilton of Guy's (1841: see Hilton 1920) .
Disease such as rheumatoid arthritis may by the bony changes which it produces part the ligament from its attachments and be a cause of sudden death and a neurological colleague has told me of two instances of this. When therefore, Dr. Kenneth Lloyd referred a middle-aged banker, under his care for rheumatoid arthritis but who was developing signs of compression of the cord and in whom X-rays revealed an atlanto-axial dislocation, it was apparent that something had to be done urgently. The operation which we devised has apparently solved the problem. With the anesthetized patient fully prone and the head in the neutral position between flexion and extension, a midline incision was made to expose the undersurface of the occiput and the lamine of the upper three or four cervical vertebra. The dislocation was then easily reduced by pulling the atlas back on the axis until the anterior atlantal arch was in apposition with the front of the odontoid peg; two steel wires were then passed between the dura and the posterior arch of the atlas and the bones anchored in this reduced position by thread-ing the wires through a hole drilled through the massive spinous process of the axis and tightening them up sufficiently to keep the dislocation reduced. Bone chips from the iliac crest were then used to fuse the roughened undersurface of the occiput to the roughened posterior arches of the atlas and upper cervical vertebre.
Surprisingly enough there appear to be very few published procedures for dealing with the dislocation, though I have heard of early fusion being wisely carried out by some surgeons and I know of at least two successful cases performed by Mr. Philip Newman. In 1949 Titrud and his colleagues in the United States published a successful case in which they performed a two-stage -operation but without reducing the dislocation; a laminectomy was first performed to relieve the compression of the cord and then some months later fusion was carried out; but an operation which reduces the dislocation, avoids a laminectomy, and is a onestage procedure would appear to have advantages. The object of the wiring is to maintain the reduction while the graft is consolidating. It was thought unwise to depend upon wire alone lest in the course of time it should break and disaster be sudden.
Cervical spondylitic myelopathy: What can be done for the patient with cervical spondylosis who is showing signs of involvement of his spinal cord? It has been shown by Ritchie Russell and his associates (1952), O'Connell (1956) and others that the myelopathy is not due to sustained compression but is rather the result of repeated injury which takes place during movements of the neck, either to the cord itself or to the anterior spinal artery by hard bars produced by the degenerative discs in front of the cord. The discs involved are usually those between C5-C6 or C6-C7. While complete rest in a Minerva plaster jacket may relieve symptoms and enable recovery to take place in early cases, the condition is usually progressive and the changes in the cord may be compared with those which take place in the brain in the 'punch drunk' as the result of a series of injuries, changes which in time become irreversible. It is impracticable to remove the hard bars, since doing so jeopardizes the cord. For this reason it appeared desirable to devise an operation which would avoid attacking the bars, be more than merely a local decompression, the results of which were sometimes disappointing, and at the same time remove the possibility of further contusion of the cord with movements of the neck. The problem appears to have been solved by performing complete cervical laminectomy, mobilizing the whole length of the cervical cord by dividing the line of attachment to the dura mater of the dentate ligaments on either side of it and expanding the cervical spinal canal so that the cord can have freedom of movement within it. This expansion can be achieved by leaving the dura open and suturing together the postvertebral muscles of either side at a little distance from the open dura. Means must be taken to prevent the exposed cord becoming adherent to its surroundings. At first we used fibrin film to roof in the tunnel but later discovered that it failed to isolate the cord and became adherent to it. In his Horsley Memorial Lecture on 'The Insulation of the Nervous System', Wilfred Trotter (1926) emphasized the function of the cerebrospinal fluid in providing neural isolation and so far as I know cerebrospinal fluid is, up to date, the only effective insulating material for the nervous system. To make use of the fluid for this purpose we now nurse our patients head downwards for a few days so as to keep the tunnel in which the cord lies filled with the fluid and the mobilized cord thereby isolated. We have found this a successful solution to the problem and the operation a useful one in arresting the downward trend otherwise so often seen once cord changes begin to appear in these cases.
I have now performed the operation 37 times on 33 patients whose ages have varied from 38 to 72, 24 men and 9 women. There have been no deaths and the results have been encouraging though it is not yet seven years since our first operation. In one advanced case, early in the series, three operations were performed. Improvement followed the first operation but further deterioration occurred and this was not improved by subsequent reexploration. It was this case which illustrated the failure of fibrin film to isolate the cord.
A question which may be asked by some who are not very familiar with the operation of cervical laminectomy, is whether 'the removal of all the lamine in this mobile part of the spine weakens it or interferes with its mobility. This is a reasonable enquiry as I have known even a neurosurgeon who was not familiar with the complete operation reported as saying that a patient who has it would ever afterwards need to wear a supporting collar. I can say definitely that this is not so, provided only that the muscle masses are not over-heavily retracted nor the zygopophyses damaged. After all, the lamine including their spinous processes are merely bony neural arches which are sometimes congenitally deficient and the muscular attachments to them are not functionally so important that they cannot be replaced by the midline approximation of the sacro-spinales on either side. Within a few weeks of the operation, movements are full and there is no subsequent weakness.
